Molecular recognition in the FMN-RNA aptamer complex.
We report on a combined NMR-molecular dynamics calculation approach that has solved the solution structure of the complex of flavin mononucleotide (FMN) bound to the conserved internal loop segment of a 35 nucleotide RNA aptamer identified through in vitro selection. The FMN-RNA aptamer complex exhibits exceptionally well-resolved NMR spectra that have been assigned following application of two, three and four-dimensional heteronuclear NMR techniques on samples containing uniformly 13C, 15N-labeled RNA aptamer in the complex. The assignments were aided by a new through-bond NMR technique for assignment of guanine imino and adenine amino protons in RNA loop segments. The conserved internal loop zippers up through the formation of base-pair mismatches and a base-triple on complex formation with the isoalloxazine ring of FMN intercalating into the helix between a G.G mismatch and a G.U.A base-triple. The recognition specificity is associated with hydrogen bonding of the uracil like edge of the isoalloxazine ring of FMN to the Hoogsteen edge of an adenine at the intercalation site. There is significant overlap between the intercalated isoalloxazine ring and its adjacent base-triple platform in the complex. The remaining conserved residues in the internal loop participate in two G.A mismatches in the complex. The zippered-up internal loop and flanking stem regions form a continuous helix with a regular sugar-phosphate backbone except at a non-conserved adenine, which loops out of the helix to facilitate base-triple formation. Our solution structure of the FMN-RNA aptamer complex is to our knowledge the first structure of an RNA aptamer complex and outlines folding principles that are common to other RNA internal and hairpin loops, and molecular recognition principles common to model self-replication systems in chemical biology.